The genus Lychnis belongs to the family Caryophyllaceae and consists of about 30 species being distributed in the temperate regions of the Northern Hemisphere, from East Asia to Europe [1] . Senno (L. senno Siebold et Zucc.), a traditional plant with a high ornamental value in Japan, was introduced from China ca. 600 years ago [2, 3] . This species had been used not only for ornamental purpose but is also a source of a crude drug acting as natural blood thinners. It is generally known that polyphenolics, one of major secondary metabolites in plants, have anti-inflammatory, antihistaminic, and anti-viral effects. They also protect blood vessels and reduce platelet aggregation [4,5a,5b] . It is considered that polyphenolics in Senno would act as major functional metabolites as the crude drug. Darmograi (1976) investigated putative flavonoids in an extract of plant tissues of Caryophyllaceae [6] . Kuwayama et al. (2005) reported analyses of anthocyanidins and anthocyanins in flower petals of Senno and its related species (Caryophyllaceae) [7] . Tomczyk (2008) analyzed polyphenolic compounds in L. flos-cuculi L. [8] . However, there is still little information about secondary metabolism and its regulation of this species. In the present study, therefore, we analyzed the extracts for polyphenolics, such as flavonoids from shoot culture, multiple shoot culture, and callus culture of Senno to indicate a possibility for selective production of useful secondary metabolites by tissue culture techniques. Table 1 , 20 mg l -1 6-benzyl adenine (BA) was effective to induce multiple shoots (7.7 ± 1.2 shoots per one nodal segment), while only one shoot actively elongated in phytohormone free and α-naphthalene acetic acid (NAA) conditions ( Figures  1 A and B ). The obtained multiple shoots could be maintained in the same medium condition for more than 1 year without hyperhydricity. When the elongated shoots from multiple shoots were cut and transferred to phytohormone free 1/2MS medium, shoot elongation and rooting were successfully observed. With these results, it is considered that the multiple shoot culture protocol demonstrated in this study is effective for micropropagation and/or metabolic engineering of Senno.
As shown in
In order to induce callus from leaf segments, the addition of auxin was essential ( Table 2) . As auxin sources, 2, 4-D and Picloram were very effective in callus induction and proliferation from the explants while NAA promoted adventitious root formation with moderate callusing. We found that the color and growth of the calli varied depending on the concentrations of TDZ combined with Picloram. At a lower concentration (0.01 mg l -1 TDZ), small amount of whitish callus was induced. Interestingly, 4 types of calli, whitish, brownish, yellow greenish, and greenish, were initiated at 0.1 mg l -1 TDZ condition (Figures 1 C -F). These calli could be separately maintained in the same medium condition. Chlorophyll a + b contents of yellow-green callus and greenish callus were 0.4 ± 0.1 and 4.6 ± 0.8 (μg g fresh weight -1 ), respectively. Whitish and yellowgreenish calli grew more actively than those of brownish and greenish calli (Figure 2 ). At higher concentrations (1 and 10 mg l -1 TDZ), however, greenish calli with a moderate growth feature became the dominant cell line. The 4 types of calli selected on 1/2MS medium containing 1 mg l -1 Picloram and 0.1 mg l -1 TDZ were used for further experiments.
Polyphenolics in the MeOH extracts of the tissue cultures, i.e. shoots, multiple shoots, and 4 types of calli, were estimated by the HPLC with PAD ( Figure 3 ). Four major compounds (S-A -S-D) were identified in leaf tissues of shoot culture. The maximum absorbance of each separated compounds were as follows; S-A (329.8 nm, retention time The remaining 6 compounds were specific to each type of culture; hence, they were tissue specific metabolites.
Recently, 4 flavonoid glycosides such as isovitexin 2''-O-rhamnoside, isoscoparin, isoorientin 2''-Orhamnoside, and 5-acetyl-isovitexin 2''-Orhamnoside were identified in leaf samples of Senno [9] . In this study, we noted that at least 10 putative flavonoids are major metabolites in the tissue cultures of Senno. Further experiments are needed to identify the chemical structures of these compounds.
In conclusion, our results suggest that the biosynthetic pathway of flavonoids in Senno is regulated or strongly influenced by how tissues are regenerated and maintained in the in vitro environment. Thus it may be possible to selectively produce novel secondary metabolites including flavonoids by engineering a target tissue culture procedure developed in the present study and such a work is underway.
Experimental
Tissue cultures: The Senno (L. senno Siebold et Zucc.; 2n=36) was cultivated in a greenhouse at the Botanic Gardens of Toyama and used as source of explants. In vitro shoot culture technique of Senno [10] was used with some modifications. Briefly, nodal segments including axially buds isolated from the in vitro grown shoots were placed on 1/2MS media consisted of half strength MS mineral salts and full strength of MS organic acids [11] . The medium was supplemented with 20 g l -1 sucrose, w/wo 2 or 20 mg l -1 of 6-benzyl adenine (BA), adjusted to pH 5.8, and solidified with 2 g l -1 Phytagel (Sigma Chemical Co., St. Louis, USA). Cultures were incubated at 25°C under a 16-h photoperiod with fluorescent lighting (40 μmol m -2 s -1 ). These shoot cultures were maintained by subculturing newly formed nodal portions (ca. 2 cm) every 8 weeks to the same medium condition. Callus culture was induced from leaf segments on solid 1/2MS media supplemented with different plant growth regulators, i.e. 0.5 mg l -1 α-naphthalene acetic acid (NAA), 0.5 mg l -1 2,4-dichlorophenoxy acetic acid (2,4-D), 1 mg l -1 4-amino-3, 5, 6-trichloropicolinic acid (Picloram), 0.1, 0.5 mg l -1 BA, and 0.01, 0.1, 0.5, 1, 10 mg l -1 N-1.2.3-thiadiazol-5-yl)-N'-phenylurea (Thidiazuron: TDZ). Twenty leaf segments were cultured in each plant growth regulator for 8 weeks. Cultures were maintained at 25°C under a 16-h photoperiod with fluorescent lighting (90 μmol m -2 s -1 ). Chlorophyll contents of the obtained calli were monitored according to Porra et al. [12] .
HPLC analysis: Plant tissues (100 mg fresh weight), i.e. shoot, multiple shoot, and 4 kinds of calli (whitish, brownish, yellow-greenish, and greenish in color) were extracted with 500 μl of 70% (v/v) MeOH. After passing through a membrane filter (Ultrafree-MC 0.45 μm Filter Unit, Millipore, USA), samples were analyzed using a Waters HPLC system with a Waters 996 Photodiode Array Detector (PAD), YMC ODS-A column (150 × 4.6 mm i.d., YMC Co., Ltd., Kyoto, Japan; temperature 30°C), with an increasing linear gradient of MeOH (0 -53% (v/v) containing 2% (v/v) formic acid at a flow rate of 0.7 mL min -1 .
